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ABSTRACT 

A computer-oriented s tudy of multi-pass aerobraking 

missions of a veh ic l e  going from synchronous e a r t h  o r b i t  t o  

low e a r t h  o r b i t  has been completed. Resul t s  genera l ly  
(1 ,2 ,3 ,4 )  

corrobora te  those reported i n  previous s t u d i e s .  

This document contains  a summary of the important r e s u l t s ,  

as w e l l  as recommendations f o r  f u t u r e  s t u d i e s  i n  t h e  a rea .  
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MEMORANDUM FOR FILE 

VEHICLE DESIGN AND OPERATIONAL CONSIDERATIONS 

The e f f e c t s  of varying d i f f e r e n t  parameters p e r t i n e n t  
t o  aerobraking r e e n t r y  from synchronous o r b i t  w i l l  now be descr ibed.  

1. Configuration 

Three h e a t  s h i e l d  conf igura t ions  w e r e  examined: 
a hemisphere (drag c o e f f i c i e n t  2, l.O), a cy l inde r  with a x i s  
a l igned  normal t o  flow (drag c o e f f i c i e n t  Q 1 - 2 5 ) ,  and a f l a t  
p l a t e  a l igned normal t o  flow (drag c o e f f i c i e n t  % 1 . 7 0 ) .  For 
f ixed  f r o n t a l  area and vehicle mass, s t agna t ion  region hea t ing  
ra te  is  h ighes t  f o r  t h e  hemisphere, and lowest f o r  t h e  f l a t  
p l a t e .  For varying f r o n t a l  a r ea  and f ixed  vehicle mass, s t ag -  
na t ion  hea t ing  rate decreases  as t h e  hemisphere and cy l inde r  
r a d i i  increase ,  and as the f l a t  p l a t e  dimensions increase .  
Again, for  f ixed  f r o n t a l  a rea  and f ixed  mass, t h e  hemisphere 
decelerates a t  t h e  lowest a l t i t u d e s  due t o  i t s  low drag co- 
e f f i c i e n t  (high b a l l i s t i c  c o e f f i c i e n t )  and experiences t h e  
h ighes t  hea t ing  and force loads; t h e  f l a t  p l a t e  decelerates 
a t  t h e  h ighes t  a l t i t u d e s  due t o  i t s  high drag c o e f f i c i e n t  ( l o w  
b a l l i s t i c  c o e f f i c i e n t ) ,  and experiences the lowest hea t ing  and 
force loads. 

2. L i f t / D r a g  Coef f i c i en t  

Three values  of  L/D w e r e  used, 0.3, 0.0, -0.3. U s e  
of nega t ive  l i f t  increases  v e h i c l e  guidance accuracy requi re -  
ments, b u t  decreases  heat ing and f o r c e  loads.  A l s o ,  employment 
of negat ive l i f t  makes t h e  mission more s e n s i t i v e  t o  dev ia t ions  
of the atmosphere dens i ty  from a predic ted  nominal. 
other hand, use of p o s i t i v e  l i f t  increases  hea t ing  and pressure  
loads,  reduces veh ic l e  guidance accuracy requirements subs t an t i -  
a l l y ,  and makes t h e  mission less s e n s i t i v e  t o  atmosphere uncer- 
t a i n t i e s .  
p o s i t i v e  lift requ i r e s  a l a r g e r  en t ry  angle  than for negat ive  
l i f t .  

On t h e  

For a mission with a f ixed  number of passes ,  use of  
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3. B a l l i s t i c  Coeff ic ien t  

Three values  of b a l l i s t i c  c o e f f i c i e n t  w e r e  Used, 2 4 l b s / f t  , 20, and 100.  As b a l l i s t i c  c o e f f i c i e n t  increases ,  
t h e  veh ic l e  dece le ra t e s  a t  lower a l t i t u d e s .  Due t o  t h e  
increased a i r  dens i ty  a t  t h e  lower a l t i t u d e s ,  hea t ing  and 
fo rce  loads increase .  To obtain l a r g e  decreases  i n  b a l l i s t i c  
c o e f f i c i e n t ,  it i s  necessary t o  s u b s t a n t i a l l y  inc rease  the 
veh ic l e  f r o n t a l  a rea .  For t h e  tug,  it may be poss ib l e  t o  
ob ta in  t h e  requi red  a rea  increase  by incorpora t ing  t h e  e x i s t -  
ing  meteoroid bumper i n t o  the  thermal p ro tec t ion  system. 

4 .  Number of Passes 

One pass t o  f i v e  pass missions w e r e  examined. As 
t h e  number of passes i n  t he  mission increases ,  hea t ing  and 
fo rce  loads decrease.  The r a t e  of decrease i s  l a r g e s t  as t h e  
number of passes  goes from one t o  t w o ,  and decreases  continu- 
a l l y  t h e r e a f t e r .  Trajectory cor rec t ions  may be appl ied  between 
passes  a t  e l l i p s e  apoapsis w i t h  minute h e 1  expenditures.  
Mission f l i g h t  t i m e  may be approximated by mult iplying t h e  
number of passes  i n  t h e  mis s ion  by four  hours. Thus, a f i v e  
pass mission takes  about twenty hours. 

During a multi-pass mission, maximum s tagnat ion  
region hea t ing  of t h e  mission occurs during t h e  f i r s t  pass  
near p e r i a p s i s ,  and the  maximum which occurs on each succeed- 
i n g  pass monotonically decreases.  T h i s  s ta tement  is  v a l i d  f o r  
t h e  three values  of L/D used. Maximum s tagnat ion  region dynamic 
pressure  exhibits somewhat d i f f e r e n t  behavior.  During t h e  
multi-pass mission, dynamic pressure,  decreases a f t e r  t h e  f i r s t  
pass t o  a minimum value a t  one of t h e  in te rmedia te  passes ,  
then increases  cont inua l ly  u n t i l  t h e  l a s t  pass.  For L/D = -0.3, 
t h e  maximum dynamic pressure  on t h e  l a s t  pass is  s u b s t a n t i a l l y  
higher  than t h a t  on the f i r s t  pass ,  and i s  t h e  mission maximum. 
I n  the  case of ba l l i s t i c  entry,  L/D = 0.0, maximum dynamic 
pressure  on t h e  l a s t  pass i s  s l i g h t l y  higher  than t h a t  of the 
f i r s t  pass,  b u t  is  s t i l l  the mission maximum. When p o s i t i v e  
lift (L/D = 0.3) i s  employed, maximum dynamic pressure  on t h e  
f irst  pass i s  now s l i g h t l y  higher than t h a t  of t h e  l a s t  pass ,  
and it becomes the m i s s i o n  maximum. 

5 .  Heat Shield Materials 

Three types of heat sh ie ld  ma te r i a l s ,  coated Columbium 
(maximum recyc l ing  opera t ing  temperature 2900°R, e a r l y  s h u t t l e  
era r ead iness ) ,  coated Tantalum (%400O0R8 s h u t t l e  era),  and 
Carbon-Carbon or Z r B Z  a l l o y  ('d500°R, l a te  s h u t t l e  era) ,  w e r e  
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briefly examined. Use of Carbon-Carbon allows single pass 
aerobraking missions for all conditions studied. Employment of 
coated Tantalum allows single pass missions for the low ballistic 
coefficient vehicles, but requires at least a two pass mission 
for the high ballistic coefficient vehicles. Finally, utiliza- 
tion of coatedcolumbium allows a single pass mission for the 
lowest ballistic coefficient vehicle, requires a two pass 
mission for the intermediate ballistic coefficient vehicle, and 
necessitates a fifteen pass mission for the highest ballistic 
coefficient vehicle examined. 

RECOMMENDATIONS FOR FUTURE WORK 

A study which could be performed by three or four 
specialists in about a year is outlined. 

Four major areas should be pursued, namely analyses 
of trajectories, configurations, navigation, and atmospheric 
effects. They are, of course, interrelated, and the successful 
performance of the study would require continuous interaction 
among the specialists. 

The Trajectory Analyst would: 

1) Specify L/D requirements to obtain desired 
trajectories. 

2) Specify optimal trajectory locations for applying 
corrections. 

3) Show trajectory perturbations due to: 

a. Atmosphere uncertainties. 

b. Attitude control (L/D) errors. 

c. Tracking errors. 

Most of the above results would require extensive 
computer usage, although some perturbation results could be 
obtained analytically . 

The Configuration Specialist would: 

1) Perform aerodynamic studies on novel lifting 
vehicles 

2) Specify experimental aerodynamic data required. 
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Examine d i f f e r e n t  thermal p ro tec t ion  concepts.  

Specify materials required f o r  TPS. 

Specify materials now a v a i l a b l e  f o r  TPS. 

The Navigation Expert would: 

Specify t r ack ing  accurac ies  des i red .  

Specify t r ack ing  accurac ies  now obta inable .  

Specify on-board/earth-based sensors  requi red .  

Specify a t t i t u d e  cont ro l  accuracy poss ib le .  

Specify a t t i t u d e  cont ro l  system. 

Relate a t t i t u d e  cont ro l  p rope l l an t  weight t o  
accuracy. 

F ina l ly ,  t h e  Atmospheric S p e c i a l i s t  would: 

Specify expected atmosphere uncer ta in ty .  

Specify communication blackout  region.  

Specify atmosphere composition along t h e  t r a j ec to ry .  

In  addi t ion ,  poss ib le  guide l ines  could inc lude  s h o r t  
t i m e  r e t u r n  mission, on-orbi t  t ug  asdembly i f  necessary,  
r e a l i s t i c  prototypes f o r  manned tugs ,  and s i n g l e  pass  en t ry  
s u r v i v a l  capab i l i t y  f o r  sa fe ty .  

For a s tudy  of t h i s  magnitude, it would be advisable  
t o  select a con t r ac to r  with a n  a l ready  developed aerobraking 
computer program. Otherwise, va luable  t i m e  would have t o  be 
expended i n  developing such a program. 

1011-RNK-aj j R. N. Kostoff 
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